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BACKGROUND

The Advanced Turbine and Engine Systems Product Team is currently planning for future
program elements of sensors/controls/hedth monitoring (SCH) and Gas Turbine Power Plant
Life Cycle Management (LCM). Technology from the SCH area supportsthe LCM program
element aswdll as combustion, materials and vice versa.

NETL has an established relationship with turbine manufacturers and iswell versed on their
issues for the aforementioned program areas. The product team believes that turbine users may
have different issues that dso must be considered for inclusion in the program.  The purpose of
thistask isto gather information about user issues related to life cycle management. NETL
needs to understand the full scope of turbine issues, from both the manufacturer and user Sdes,
in order to develop a program with maximum benefit to the public.

The gas turbine has evolved over the last several decades to dominate the aviation propulsion
market. Continuing advances have significantly improved the durability of gas turbine designs
and they are fast becoming the new power producers of choice in the world dectricity market.
At the present time, only about 15 percent of the world'sinstalled e ectric generation capacity is
gas turbine powered. The market for dectrical power gas turbines has dramatically increased in
the last decade. Today’ s gas turbine designs offer record breaking high operating efficiencies; 40
percent for ample cycle units and amost 60 percent for combined cycle ingdlations. These
high efficiencies combined with their ready availability, low capita and operating costs, and

clean combustion with alow leve of pollutants have positioned gas turbines to become the
dominant means of new eectricad power generation worldwide.

Over the course of the next severd decades, eventsin the globa eectric power market will be
driven by the large future needs of much of the world's population, mostly in underdevel oped
countries, and dso by the globd deregulation of eectric utilities, which will tend to drive out
less efficient power producers. Currently, the market for gas turbine-based el ectric power
production applicationsis growing a more than 21% per year.

The key factors that will make future gas turbine power generation technology successtul in the
electric power generation and mechanicd drive market segments are:

Competitive economic performance (i.e., operaing and life cycle)
Commercia guarantees for performance and congtruction

Reliable operation under a duty cycle of repeated startups and shutdowns
Increased reliability and durability over current plants

Fuel-switching capability

Ability to meet regulatory emissonsleves



SENSOR AND DIAGNOSTIC TECHNOLOGY STATUS

Current OEM Practice

Based upon the review of a Carolina Power and Light (CP&L) gas turbine peaking ingtdlation,
the GE 7FA MFGQ (multi-fuel quiet combustion) units are equipped with aminimal
instrumentation harness. The supplied sensors are adequate to assure safe operation and to
monitor performance and emission requirements. These units are not equipped with any
indrumentation, which would provide the ahility to:

Optimize performance
Definerisk of extending operating periods
Monitor component degradation
Provide early warning of faultsin the system
The units are equipped with the following instrumentation:
Continuous emisson monitoring
Turbine exhaust gas temperature (27 measurement points)
Compressor pressure—inlet & outlet
Compressor temperature — inlet & outlet
Oil and naturd gas fud flow
Combustion injection water flow
Combustor flame sensors (3 measurement points)
Bearing 0il & metd temperatures - inlet & outlet (2 @ turbine & 2 @ generator)
Vibration sensors a each bearing point (thrust & axid)
Generator power output

The output from the instrumentation is acquired and used localy as input to the unit’s control
dation. The control station congsts of a PC equipped with GE software which provides the
operator with a series of windows-based viewing screens which present the measured and
caculated data, darm Status, etc. GE acquires the operating data from the units and trandfers it
by telephone to a central collection point at GE's Atlanta gas turbine service center. The datais
then available for use by GE in tracking specific machine performance, for usein building
empirica predictive formulas, for use in warranty related issues, etc.



Scheduled maintenance for the GE 7FA MFQC unit is specified by the manufacturer as follows:.

Maintenance Procedure Starts Operating Hours
Combustor inspection 200 actual Every 6000 actual
Hot gas path inspection 900 factored every 24000 factored
Major inspection & repair 1800 factored every 48000 factored
Turbine & compressor refurbishment | 5000 factored 144000 factored

The factored starts and hours are determined by empirica formulas provided by GE. According
to Mr. Mike Pollard of CP&L, the power industry is not completely confortable with this
approach and would prefer to have a more machine-specific condition-based approach to
determining the timing of maintenance. Also according to Mr. Pollard, the power industry is
experiencing higher than desirable maintenance costs for gas turbines and generdly do not have
confidence in GE' s stated hot gas path component life and replacement interval.

Industry Technology Needs

The objective of this Turbine Users Technology Needs Assessment is to determine the future
requirements of the user community regarding sensors, controls, condition/hedth  monitoring
gysems, expet predictive sysems, and turbine power plant life cycle management. This
information would then be avalable for use in planning and directing future NETL program
dements for the development of advanced technology to support the areas of (1) sensors,
controls, and hedth monitoring and (2) gas turbine power plant life cycle management.

The areas of interest to the present assessment encompass a large technologica scope. A
ggnificant amount of development effort has been conducted over the last decade by many
researchers and is continuing. A comprehensive bibliography of gas turbine literature related to
the pertinent areas of interest has been prepared and submitted in the Interim Report.

Vendors of existing land based instrumentation, as well as vendors of more advanced sensing
systems, such as fiber optics, spectrometers, MEMS, pyrometers, acoustic techniques, etc., some
of which have been gpplied in aerospace and other applications, are attempting to commercidize
products for land-based gas turbines.

Sensorsfdl short in severa categories. Firgt, few aternatives based upon advanced technology
have progressed to the point of commerciad readiness to address some of the important plant
operating issues, such as component life, component degradation, or risk associated with
maintenance interva expangon.  Second, it is difficult to apply existing sensor technology to
robustly provide ussful online input in the gas turbine environment, most notably in the
combustion zone and gasturbine stages. Findly, the hardware and software are fill at an early



stage of development and the commercid gpplication of many possible sensors and hedth
monitoring sysemsiis prohibitively expensve a thistime,

Some of the unmet needs for turbine sensors and monitoring include:

Component Life Monitoring either through direct or indirect monitoring of component

properties.

v On-line monitoring of component life would alow some assessment of when the next
shutdown might occur.

v Ontline indication of component degradation could aert operators to failures that
could propagate through the unit. For example, on-line monitoring of the combustor
gatus or blade coating integrity would aleviate downstream consequences.

v' Off-line Non Destructive Evauation (NDE) of component life would help determine
if component replacements are needed before the next scheduled shutdown.

On-line risk assessment of extending the outage schedule would aso be useful to
determine whether it is possible to operate for extended periods.

Sensors that map the blades and vanes for integrity. For example, atemperature profile
of the blades and vanes could indicate blocked cooling passages or coating failures.

Thereisaclear need for sensors and instrumentation systems which can operate in the turbine
hot gas path and provide information to address the above issues. Thereisaso aneed for
supporting software to interpret sensor and instrument outputs; correlate them to the machineg's
condition; provide the interpretative analyses, forward projections of servicing intervass, estimate
remaining component life, etc. Thus, in addition to developing the basic sensor and
instrumentation systems, there is a need to acquire long term data from sensors and
indrumentation systems ingtalled and operating in acommercia environment. These operating
datawill be necessary to complete the development of the sensors and instrumentation systems
(i.e., develop robust commercid designs at acceptable cost) and build the data base from which
to develop reliable predictive models.

From the manufacturer’ s point of view, the needs outlined above are a secondary priority as
compared to the machine design and evolution. Users, on the other hand, have to live with their
units for 25-30 years. Consequently, their primary focusis on maintenance issues. Neither party
doneislikdy to commit the financid resources to address the above needs. Also, developing
solutions to meet the needs is by its very nature along-term proposition and requires data from
many units operating over the entire commercid operating spectrum. Thereiscdearly an
opportunity for NETL to participate with sensor/instrument manufacturers, turbine

manufacturers and utility users to implement a program to address the long term needs outline
above.



Industry Technology Development Activities

In addition to the OEMS, there are severa groups actively engaged in the development of
technology which address various aspects of the areas of interest to the present NETL needs
asessment.  These various groups represent obvious potential collaboration partners for DOE.
Formulating joint sensor and diagnostic development programs would leverage the R& D funding
resources of the respective organizations. The following organizations have ongoing activitiesin
the sensor, monitoring, diagnostic and expert systems aress.

EPRI

Combustion Turbine and Combined Cycle Users Organization (CTC?)

Propulsion Insrumentation Working Group (industry and federa agency collaboration)
NASA

DARPA



NEEDS ASSESSMENT SURVEY

A questionnaire was developed for the purpose of soliciting information regarding the needs for
sensors, controls, health monitoring and expert systems from various gas turbine stakeholder
groups. A copy of the questionnaire isincluded in Appendix A.

The questionnaire was distributed to selected end users and OEMs. Appendix B contains severd
lists of the various gas turbine stakeholders to whom the survey was sent. No completed survey
responses were received from end users; however, survey responses were received from GE and
Siemens Westinghouse. The responses from the OEMs are contained in Appendix C. In order to
obtain end user input for the needs assessment, a series of telephone interviews were conducted
with anumber of end users. In addition follow-up telephone interviews were conducted with

both GE and Siemens Westinghouse. Findly, telephone interviews were conducted with EPRI,
CTC?, Propulsion Instrumentation Working Group, and instrumentation manufacturers.

In addition to the above, information was obtained from Ms. Wickey Elmo of the Combustion
Turbine and Combined Cycle Users Organization (CTC?) regarding end users concerns. A
summary of end user concerns received from Ms. ElImo is contained in Appendix D. Note that
the information provided by Ms. EImo was received from a survey conducted by CTC? of its
member companies and in order to maintain anonymity of its member companies the
respondents are not reported in Appendix D.



NEEDS ASSESSMENT FINDINGS

This section presents a summary of the information obtained from the various telephone
interviews which were conducted. The following are the mgor finding of the Turbine Users
Technology Needs Assessment:

Electric utility users are very concerned with the gas turbine maintenance costs associated
with the advanced gas turbine technology, which they are purchasing today. Since these
machines do not have afully established O& M track record electric utilities are facing an
uncertain future maintenance cost environment. Thisfinancid risk is of particular concern

for the dectric utilities as they leave aregulated business environment and enter anew
competitive business environment. In the future eectric utilitieswill not be able to readily

pass unanticipated O& M costs through to the consumers through a mandated rate change. In
the competitive environment unforeseen maintenance costs will come out of operating profits
which will have negative impact for the utility management and stockholders.

Electric utilities are agood source of what kinds of operationd and maintenance problems
are being encountered today for both older generation gas turbines aswell as for the current
and new generations of advanced gasturbines. There are varying degrees of understanding
of the detailed design issues of gas turbine technology among the dectric utility community.
Utilities are focused on the operation and maintenance of gas turbine systems, and as such do
not retain saff skilled in the fundamentas of gas turbine technology. Their in depth
knowledge of detailed system design details and fundamenta's underlying the design are
limited to what they need to know from an operationa and maintenance perspective. Beyond
that they rely on the OEMs for support and answers to problems encountered in operations.
As such, dectric utility personnd are not the best source for determining specific monitoring
and diagnogtic technology, which should be incorporated in future, gas turbine technology.

Each new class of gas turbine technology undergoes along dow evolutionary design process,
which starts with prototype testing in the OEM’ s development and demondiration facilities
and continues throughout the commercid life of the gasturbine class. Over the life of any
class gas turbine, the OEM will introduce both system operationa design changes aswell as
component design changes to improve overdl system performance, rdigbility and durability.
Over along period of time the OEM will introduce a series of component design changes,
modifications and upgrades which are implemented in response to problems which are
encountered in the commercid fleet operation. Thetime scae for this processis on the order
of severd decades and is characterized by a significant number of problems occurring in the
initia years after introduction with the frequency of new problems declining as the design
goproachesitsend of life. By way of example, the GE E class gasturbine desgnis
approximately 28 years old, its design isfixed and users report the design to be relatively
trouble free with the O& M costs reasonably understood and predictable. By contrast, the GE
F class gas turbine design is gpproximately 15 years old, itsdesign is till undergoing
sgnificant operational and design changes and user report design, operationa and



mai ntenance problems with the O&M costs not fully understood for the most recent design
improvements which have been implemented.

Thereis dearly amove within the dectric utility industry to transfer the risks associated with
the advanced gas turbine systems back to the OEM through long term maintenance contracts.
The utilities recognize that the current generation gas turbine designs are il in astage of

flux and will continue to evolve until the O&M problems are fully resolved. The most
ggnificant systlem operationd change has been the gradud increase in the firing temperature
which are now approaching 2500 °F. Thisis probably the single most important operating
variable associated with component life and durability issues. The dectric utilities believe

that it will be some time before the OEMs are able to produce hot gas path components that
are capable of achieving a good service life expectancy.

OEM s recognize that they are experiencing a bubble in new gas turbine demand. They
recognize thet their long-term income will come through maintenance revenues. They are
well aware that the adoption of the next generation of gas turbine technology will be
dependent upon the dectric utilities comfort level in understanding and contralling their
O&M codts. In the deregulated environment the availability and maintainability of gas
turbine systems which are being operated at the cutting edge of technology become very
sgnificant cost issues. OEMSs recognize that there is an opportunity to meet the dectric
utility needs through long term service agreements. These service agreements will require
the OEMs to provide for both unanticipated outages as well as routine maintenance. OEMs
will be required to implement more sophisticated sensor and diagnostic technology, which
will provide for early warning of fault conditionsin order to avoid catastrophic falures. Also
advanced technology will be required in order to migrate from rule based maintenance to
condition based maintenance. Condition based monitoring which supports just-in-time
maintenance offers the potentia for reducing long-term maintenance costs and improved
profitability of the eectric utilities. OEMs are clearly moving in this direction.

There has been and continues to be a considerable amount of effort within the aero-deriveive
gas turbine community to develop sophisticated sensor and diagnostic technology which can
be integrated into and support a condition based maintenance framework. This technology is
directly transferable to dectric utility gasturbine systems. Thisis clearly a source of
technology that can and should be leveraged. The introduction of new technology into the
propulsion gpplication as well as the power gpplication isadow process leading to find
acceptance. In general new sensor and diagnostic technology enters the market through
goplication to military aircraft where the higher cost for development and procurement can

be borne. Once the technology is proven for the military application and the cost for
production hardware beginsto fal, the technology is positioned to migrate to the commercia
arcraft gpplication. Astechnology achieves recognition in the aircraft goplication it is then
positioned to enter the power generation application. By way of example, consider the use of
pyrometry for red-time examination of turbine blade surface temperatures. According to
Land Pyrometer this technology has been under development for use on military gas turbine
engines for gpproximately 25 years. Currently they have commercid unitsingaled on
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approximately 6000- 7000 fighter aircraft engines. They are now just closing on the first
orders for commercid arcraft gpplications. Currently Land Pyrometer is actively
investigating the application of pyrometers to dectric power gas turbines with GE, EPRI and
others. Commercia use on eectric gas turbine gopplication is severa years away.

From the OEM’ s point of view, the need to reduce maintenance costs has been a secondary
priority as compared to the machine design and evolution. From an eectric utility’s
perspective, it is going to live with the unit for 25-30 years and hence it has a primary focus
on the maintenance issues. Neither party islikey to independently commit the financid
resources to address the needs alone. Also, developing solution to meet the needsis by its
very nature along-term proposition and requires data from many units operating over the
entire commercia operating spectrum. Thereis clearly an opportunity for NETL to
participate with sensor/instrument manufacturers, turbine manufacturers and utility usersto
implement a program to address the long term needs to support better diagnostics and
condition based maintenance. Given the competitive business environment that electric
utilities are entering, without the development of conditioned based monitoring technology to
support the advanced gas turbine technology the adoption and introduction rate of the
technology will be dow.

Thereisaclear need for sensorgingtrumentation systems which can operate in the turbine hot
gas path and provide information to address the many issue areas which result from
extending the ges turbine firing temperature to higher levels. In addition to the base
sensor/ingrument there will be aneed for supporting software to interpret sensor/instrument
output, to correlate it to the machines condition and to provide the interpretative anadyss and
forward projections necessary for predicting servicing intervas, liferemaining, etc. This
suggests that in addition to the basic sensor/instrument development there is a corresponding
need to ingtdl and acquire long term data from the sensor/instrument ingtalled and operating
in the commercid unit environment. This operationa datawill be necessary in order to
complete the development of the sensor/ingtrument (i.e., develop arobust commercid design
with an acceptable cost) as well asto build the data base from which to devel op the ultimate
predictive modds (e.g., time remaning until service, component remaining life, etc.).
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CONCLUSIONS

Based upon the findings from this Needs Assessment, the following conclusions have been
reached:

There are several mgor unmet gas turbine sensor needs associated with measurements of
conditionsin the hot gas path:

combustion pressure pulsation

turbine circumfrentid inlet temperature distribution

turbine blade surface temperature

turbine blade vibration

turbine blade tip deflection

gator vane bowing

AN N NN

Thereisaneed for component life monitoring through direct or indirect measurements of:
v component operating conditions (on-line)
v component physica properties (on-line & off-ling)

Thereis aneed for off-line NDE techniques to determine if component replacement is
required before next scheduled inspection.

Thereisaneed for NDE measurements & supporting andysis to determine:
v component physical condition referenced to basdine

v’ component cydic fatigue status

v/ component coating wear & integrity status

Condition & hedth monitoring technology:

v’ isinthe early stages of development

v" will requires advanced sensor technology

v’ requires extensive components & system operationd data for vadidation

Computer based gas turbine condition & health monitoring predictive systems offer the
potentid for:

reduced nuisance shutdowns & unplanned outages

optimum engine operation

continuous red- time maintenance scheduling

extended time between overhauls based upon determination of remaining component life
protection againg catastrophic failure via red-time fault assessment

ne approach NETL could use to address the unmet sensor needs is:
review exising & emerging developmenta instrumentation technology
select the most promising technology
adapt technology for use in commercid power plant environment
ingal, operate, refine & fied vaidate technology

AN N N NG I NN Y NN

One gpproach NETL could use to address the unmet expert systems needs is:
v review emerging expart sysems

v’ determine the supporting sensor requirements

v sdect the most promising expeart systems

v’ fidd vaidate the expert sysems
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APPENDIX A - SENSORS, CONTROLS, HEALTH MONITORING &
EXPERT SYSTEMS QUESTIONNAIRE
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GAS TURBINE STAKEHOLDER NEEDS ASSESSMENT
SENSORS, CONTROLS, HEALTH MONITORING & EXPERT SYSTEMS

On behalf of the Department of Energy’s Office of Fossil Energy, the National Energy Technology
Laboratory (NETL) is implementing a program to support the development of the Next Generation Turbine
Systems. The NETL is developing a comprehensive strategy, which will address the full range of
advanced technology required by manufacturers and users of these advanced turbine systems. In

support of the development of a strategic plan, the NETL Advanced Turbine & Engine Systems Product
Team is currently planning for future program elements in the areas of sensors, controls, health

monitoring and expert systems and is seeking to obtain input from a diverse cross section of stakeholders
from the gas turbine community regarding the technology needs in these areas.

We are interested in establishing the future technology needs for sensors, controls, health monitoring and
expert systems which will be needed to ensure highly reliable Next Generation Turbine Systems which
operate at optimum efficiency and low NOx emissions. Depending upon the end-use application (i.e.,
base load operation, intermittent operation, peaking operation) and the power range, anywhere from 60 to
85% of the failures experienced by today’s gas turbine systems are encountered by components which
are located in the hot gas path. Consequently, our current needs assessment will be focused on the gas
turbine subsystems and components, which are associated with the machine’s hot gas sections.

While our primary focus is on gas turbines for electric power generation, we recognize that the needs for
the supporting technology elements of sensors, controls, health monitoring and expert systems
technology can be quite similar for gas turbines designed for different end-use applications. We are
therefore interested in obtaining your input covering the major end-use applications, including stationary
electric power generation (base load and peak load); aircraft propulsion; mechanical equipment drive
(e.g., gas compressor); and marine propulsion.

The accompanying table provides a list of the gas turbine hot gas section subsystems and components
for which we are seeking to develop an understanding of the state-of-the-art and the future needs for the
supporting technology elements. This information is being sought for (1) on-line real-time operational
parameter measurements, and (2) out-of-service inspection and examination measurements. As part of
the survey, we are interested in assessing the likely commercial development and deployment time
horizon for supporting technology needs characterized as (1) Short Range (less than 3 years), Mid Range
(3 to 7 years), or (3) Long Range(7+ years).

Relative to the elements of the accompanying table, we are seeking input from gas turbine stakeholders
which will allow us to address the following:

1. What is the current best practice in use today for sensors, controls, health monitoring and expert
systems? Who are the suppliers? Where do these elements fall short? How can they be improved?

2. For the subsystems and components listed in the table, what are the major field problems which gas
turbine users encounter relative to turbine operating performance, availability, duty cycles,
performance-based planned maintenance and life cycle management? For any specific problems
identified, please provide detailed information regarding the problem (e.g., turbine subsystem and
component, accumulated operating hours, nature of problem or failure, etc.); the power plant
configuration (e.g., simple cycle, combined cycle, etc.) and the turbine power system (e.g., model,
age, end-use application, power output, etc.). What are the unmet needs for sensors, controls, health
monitoring & expert systems to provide for early detection and avoidance of these problems?
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GAS TURBINE STAKEHOLDER NEEDS ASSESSMENT
SENSORS, CONTROLS, HEALTH MONITORING & EXPERT SYSTEMS

3. Regarding gas turbine system performance measurement, diagnostic monitoring, and expert analysis
& predictive tools what are manufacturers and other suppliers offering for use with current generation
turbine power plant systems? What are they planning to offer in their next generation turbine
systems? What do end users want?

We would appreciate any information which you could provide for the various subsystems and
components identified. Also any referrals to other individuals in your organization who could provide us
with information would be appreciated. If you have any questions please direct them to the contact
identified below. Thank you in advance for your participation in this needs assessment.

Questions and responses to this needs assessment should be directed to:

Dr. James W. Connell
91 South St.

Upton, MA 01568
USA

E-mail: jconnell @tiac.net
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GAS TURBINE STAKEHOLDER NEEDS ASSESSMENT
SENSORS, CONTROLS, HEALTH MONITORING & EXPERT SYSTEMS
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Initid Survey Contacts

INDIVIDUAL ORGANIZATION E-MAIL PHONE
Abboud, Jeffrey GTA abboud@gasturbine.org 703-622-4325
Abhari, Reza Ohio State University abhari.1@osu.edu 614-292-5524
Bacon, John MTAC jbacon@mtac.pitt.edu 412-383-2530

Bernstein, Henry

Gas Turbine Materials Associates

gtma@texas.net

210-342-8866

Bhargava, Rakesh

Universal Ensco, Inc.

bhargava@uei-houston.com

713-977-7770

Brushwood, John

Siemens Westinghouse Power Corp.

john.brushwood@swpc.siemens.com

407-281-5391

Connor, Jeffery

GE Aircraft Engines

jeff.connor@ae.ge.com

513-679-6502

Davis, Alex

General Dynamics

adavid@gdats.com

703-271-7381

Della Villa, Salvatore

Strategic Power Systems

sal.dellavilla@spsinc.com

704-544-5501

Dunn, Michael

Ohio State University

dunn.129@osu.edu

317-292-5015

Gabrielsson, Rolf

Volvo Aero Corp.

vac.roga@memo.volvo.se

46-520-94471

Gallops, William

Pratt & Whitney - GESP

gallopsg@pwfl.com

561-796-2172

Gerstner, Mary

AlliedSignal Power Systems, Inc.

mary.gerstner@alliedsignal.com

310-512-3346

Green, Robert

John Hopkins University

cnde@jhu.edu

410-516-6115

Hall, Kenneth

Duke University

kenneth.c.hall@duke.edu

919-660-5328

Klein, Manfred

Environment Canada

manfred.klein@ec.gc.ca

819-953-6630

Levine, Stanley

NASA Glenn Research Center

slevine@grc.nasa.gov

440-433-3276

Luppold, Robert

Luppold & Associates, Inc.

rluppold@sgi.net

724-872-5480

MacArthur, Charles

USAF Research Laboratory

charles.macarthur@pr.wpafb.af.mil

937-255-2367

Mclntyre, Tim

Oakridge National Laboratory

mcintyretj@ornl.gov

423-576-5402

Meher-Homiji, Cyrus

Bechtel Corp.

cmeherho@bechtel.com

713-235-4979

Pappas, George

Union Gas Ltd.

gpappas@uniongas.com

519-436-4677

Patterson, Grant

Sverdrup Technology, Inc.

patterson@hap.arnold.af.mil

931-454-5213

Patterson, Jeffery

Naval Surface Warfare Center

pattersonjs@nswccd.navy.mil

215-897-7801

Peters, James

University of lllinois

jpeters@uiuc.edu

217-333-3237

Platzer, Max

Naval Postgraduate School

platzer@aa.nps.navy.mil

831-656-2058

Rakowski, Wally

Ohio Aerospace Institute

wallyrakowski@oai.org

440-962-3126

Robinson, Thomas

TransCanada Pipelines

thomas robinson@transcanada.com

403-267-6357

Sheard, Geoffrey

Rolls Royce plc

anthony.sheard@rools-royce.com

44-120-362-4721

Smalley, Tony

Southwest Research Institute

asmalley@swri.edu

210-684-5111

Smith, Clifford

CFED Research Corp.

ces@cfdrc.com

256-726-4813

Strazisar, Tony

NASA Glenn Research Center

strazisar@lerc.nasa.gov

440-433-5881

Van der Linden, Septimus

ABB Power Generation, Inc.

sep.van der linden@abbpge.com

804-763-2279

van Roode, Mark

Solar Turbines Inc.

uscatajp@ibmail.com

619-544-5549

Waldhelm, Chris

Solar Turbines Inc.

uscathtp@ibmmail.com

619-544-5073

Witherspoon, Leslie

Solar Turbines Inc.

witherspoon_leslie h@solarturbines.com

619-544-2434
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Generd Electric F Turbine Users

|Contact Person Company Site Email Address Phone
Alan Pearce Alabama Power Barry CC apearce@southernco.com |(334) 829-2677
John Ecke BGE Perryman 51 ohn.e.ecke@BGE.com (410) 787-5321
Mark Payne Calpine Corporate Engineering | markp@cal pine.com (970) 224-4131
Nick Detmer Calpine Corporate ndetmer @cal pine.com (970) 224-4131
Ed Warner Calpine L os Medanos Energy edw@cal pine.com (925) 431-1323
Facility
Brent Helm Calpine Pittsburg, CA brenth@cal pine.com (925) 431-1307
Ron Cooper Calpine Pittsburg, CA ronc@cal pine.com (925) 431-1302
Ben Stanley Calpine Pittsburg, CA bens@cal pine.com (925) 431-1300
Masahiro Achiwa Chubu Elect Power Co. (Japan) Achiwa.Masahiro@chuden.co.jp
Selichi Hyakudome |Chubu Elect Power Co. (Japan) Hyakudome.Seiichi @chuden.co.jp
Larry Swan Cinergy Walbash River Repowering |swan@cinergy.com (812) 535-2454
Ben Cowart City of Tallahassee [Purdom Unit 8 CowartB@mail.ci.fl.us (850) 891-5936
Mark Palitsch CMS Generation Dearborn Industrial Gen. [ mpalits@cmsenergy.com (313) 336-7189
Patrick Ryan Cobisa Person Generating Station| PRyan@twrol.com (505) 877-1774
Tommy Arnett Cogentrix Rathdrum ID tommyarnett@cogentrix.com| (360) 607-2973
Pat Looney Colorado Springs Nixon/FRPP plooney@csu.org (719) 668-4031
Utilities
Craig Udy Constellation Power [Home Office cudy @constellationops.com |(410) 230-4965
Joseph Guntner Constellation/BGE Perryman Joseph.U.Guntner@bge.com |(410) 787-5403
Davey G. Harris CP& L Wayne County Davey.Harris@CPCC.com [(919) 731-5255
Ray Olson Duke Maine Independence raymond.a.olson@d-fd.com |(704) 426-3216
Daniel Barpal Duke Energy Home Office dgbarpa @duke-energy.com |(713) 627-5867
Bob Kirn Dynegy Hartwell pm@hartcom.net (706) 376-7010
Aaron Langdale Dynegy Hartwell alangdal e@hartcom.net (706) 376-7010
Doug Cotter El Paso Energy Samalayuca cotterd@epenergy.com (915) 496-5246
John Pollock El Paso Energy Samalayuca, Mexico pollockj @epenergy.com (713) 420-2901
International

Roland Lariviere

Energy Mgt., Inc.

Tiverton Power

rolandl @emienergy.com

(508) 998-8515 X-137

Terry Rathcke Entergy Baton Rouge Cogen trathck @entergy.com (225) 354-4045
Hans Streelman EPON (9FA) EEMS Station hans.streelman@epon.nl

Bill Sharkey Exxon Mobil Baton Rouge Cogen bill.t.sharkey@exxon.com [(225) 359-5679
Dennis O'Dea Exxon Mobil Baton Rouge Cogen dmodea@erenj.com (973) 765-6738
Paul Staid Exxon Mobil Baton Rouge Cogen paul .s.staid@exxon.com (225) 359-5631
Bob Anderson FPC Tiger Bay robert.w.anderson@fpc.com |(727) 826-4117
Joe Wojtisek FPL Ft. Myers joe_wojtisek@fpl.com (941) 693-4216
Paulo Rocha FPL Martin Paulo_Rocha@fpl.com (561) 691-2780

Carine Bullock

FPL & FPL Energy

Martin, Ft. Myers, Sanford,
Lamar, Doswell

cbullock@fpl.com

(561) 597-7110

Fred Kaempf GE - CM frederick.kaempf @ps.ge.con| (513) 870-1625
Dietmar Breitkreuz [GE - M&D Atlanta dietmar.breitkreuz@ps.ge.com| (770) 859-6294
Laura Kozel GE E-business Atlanta, GA Laura.Kozel @ps.ge.com (770) 859-7462
Jeff Lucas GEll Bangor, ME Jeffrey.L ucas@ps.ge.com (207) 941-2634
Allen Markey GE Contractua Servicel EMI-Tiverton/Rumford |Allen.Markey@ge.ps.com [(401) 625-5147
Jung Jungyong KEPCO Seoinchon ungjuy @dava.kepco.co.kr

Jz Won Cho KEPCO Seoinchon ojwon@dava.kepco.co.kr

Jung-Ho Lee KEPCO Home Office pceng@hitel .net 82-2-578-0588

Joe Smarro LGE Energy Gregory Power Partners |joe.smarro@lgeenergy.com |(361) 777-3442
Fred Barber LS Power Mustang Station fbarber@crosswind.net (806) 592-8100
Bunya Itoh Marubeni Corp Tokyo, Japan itoh-b@mec.marubeni.co.jp [81-3-3282-3367
John Walsh NRG Crockett johnwal sh@crockettcogen.cq (510) 787-4155

m
Peter So NRG Crockett peteso@crockettcogen.com [(510) 787-4105
Pierre Boehler PEPCO Station H pdboehl er@pepco.com (301) 967-5321
Ron Humelsine PEPCO Station H rehumel sine@pepco.com (301) 605-6800
D. J. Edman PGE - Coyote Springs [Boardman, OR dg_edman@pgn.com (541) 481-3251
Ken Thorp PGE Generating Hermiston OR ken.thorp@gen.pge.com (541) 564-8319
Gener Gotiangco PGE Generating Corp Office - Bethesda |gener.gotiangco@gen.pge.com( (301) 280-6431
MD

Tim Key PGE Generating Hermiston OR tim.key @gen.pge.com (541) 564-8341
Dan Turley PGN Portland General| Coyote Springs dan_turley@pgn.com (541) 481-3225

Electric

Nicola Johnson

Powergen (9FA)

Conrad's Quay

Nicola.Johnson@powert

44 115 936 2348
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ech.co.uk

John Drennan

Rumford Power

Jpdrennan@CompuServe.com

(207) 364-7369

Eric Pahl Sithe Energy Independence Epahl @sithe.com (315) 342-8410
Andrew Flanagan SkyGen aflanagan@skygen.com (847) 559-9800
Trevor G. Boehm Southern Co. Atlanta, Ga.(Corp. Office)(tghoehm@southernco.com |(404) 506-7013
Jmmy McCallum Southern Co. Birmingham, AL & jemccall @southernco.com  [(404) 506-7006
Atlanta, GA
R. Theron Furr Southern Co. Daniel rtfurr@southernco.com (228) 474-3071
Joe Bittner Southern Energy Delta Plants jhbittne@seiworldwide.com [(925) 427-3597
California
Mike Lyons Southern Energy Potrero Plant MLyons@seiworldwide.com |(415) 695-2607
California
Charles Shelnut TECO Bayside cashelnut@tecoenergy.com [(813) 228-1111 X-31930]
Sam Combast TECO Bayside/Gannon shcombast@tecoenergy.com|(813) 641-5579
Ralph Randall TECO Polk rerandall @tecoenergy.com |[(863) 428-5987
Dave Coleman TECO dicoleman@tecoenergy.com [(813) 228-1111 X-39073
Don Pless TECO Bayside depless@tecoenergy.com (312) 269-8356
Dwight Howell Tenaska Inc. Home Office dhowel| @tenaska.com (402) 691-9540
Tom Moody Tenaska Inc. All Tenaska Plants tmoody @tenaska.com (425) 455-2941
Frank Carelli Tenaska Inc. Frontier fcarelli @nettex.net (936) 874-2695
Robert Rinaldi Texaco Power & Sunrise Cogen rinalrc@texaco.com (661) 392-2609
Gasification
Larry Rose Va Power & Dominion Chesterfield/Remington/L|larry_rose@dom.com (804) 273-3567
Energy dysmith
Paul White Virginia Power paul_white@dom.com (704) 273-772?
William D. Clements|Virginia Power Remington William_Clements@dom.com| (703) 441-3827
Jeb McDaniel Virginia Power Chesterfield Jeb_McDaniel @vapower.com| (804) 273-727?
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Westinghouse 501 Turbine Users

NAME COMPANY, LELERLONE EAX EMAILLADDRESS

John Guidry Enron South America John Guidrv@enron.com
(713)767-8780 Corp
(713)939-8100 x30 Lab

Bill Barras Dvnegy (713)962-7600 cell (713)767-8518 Iwfba@dynegy.com

Bill Bvrnes PKFE (Pacificorp) (541)883-3118 (541)883-3154 lbillbyrnespke@aol.com

Bill Howell Empire Dist Flectric (417)625-5100 X2830 (417)659-9856 |whowell@empiredistrict.com

Bob Harris Calpine 281-477-7821 713-477-2369 |bharris@calpine.com

Bob Holsinger Calpine robh@ecalpine.com

Dave Hall Cogentrix (601)561-4159 DaveHall@cogentrix.com

Ed Easson Empire Dist Electric (417)625-5100 X2832 (417)659-9856 |eeason@empiredistrict.com

Ed Fusilier HL&P Reliant (713)207-5991 edward m_fuselier@reliantenergy.com

Jason Saucier Central Lousiana Elec Co.

Jim Beckett Calpine (512)303-5500 X15 jbecket@calpine.com

John Woods Empire Dist Electric (417)625-5100 X2831 (417)659-9856 |jwoods@empiredistrict.com

Ken Koele Cogentrix (Whitewater) (262)472-7040 X222 (262)472-7045 |KenKoele@cogentrix.com

Mark Statler

Ameren UE

(314)554-3740

mark s _statler@ameren.com

Marvin Degevter

ElRerado Fpnergy 11 C

(702)568-8201

(702)568-8213

marvin-degevier@eldoradgenergy.com

Mike Gough

Tenaska

(817)641-5041

(817)641-5042

mike. gough@naes.com

Mike Horn

Calpine

530-755-3900

530-755-3903

mikeh@calpine.com

Mike Wennen

Cogentrix (Cottage Grove)

(651)459-8339

MikeWennen@cogentrix.com

Paul Crimi

Elorida Power Corp

Paul Norris, Jr EP&L (561)691-2729 (661)696-4484

Paul Tegen Cogentrix (HQ) (704)525-3300 X626 (704)527-4413 1PaulTegen@cogentrix.com
Pete Sobieski Calpine (281)228-0940 (281)228-0946 |psobieski@calpine.com
Tom Faucett Intergen (617)747-1769 (617)747-1752 |tfaucett@intergen.com

Sonat/El Paso







APPENDIX C - OEM SURVEY RESPONSES
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Genera Electric Response

Technology Improvemenis Supporing Technology
Subeysterm Comporsnl Cir-Ling Magswsrnert Shuldmam Frapactionfeasuraman
ik Criaicd kit S Sansus Mo Senauis Mantory
Cual Fual Capabifty Licqud Fual Carbor Buloop LTS = =] Flame Profle, flama dataciion
Flame Frofle, rabust dyramic
Fual hlzzke Pra-mix Flama Stabiity MR |EFE Lorlive presEun trarscic an atanal Wntagrty AT
= Catalylic Combustion (Calakest Durabaliy wR  |EFE HOX Dptical Yes
% Comblgdion Can r.-'.'l'?'“l] Mone
=
W (o bawiadion Linar Unifaim Tampamnium Distdbian (MR [EEF Het Spot Dalecior Vas Eliactronic Malrology Taa
Comiruous Crossin
Corceas it Tubsss Temparad e Detection ER |[EFE Terngsraiire Swatch Crack Dataciion AT
Transiion Saclion Unifoim Tamparaiura Distibuton (MR [EFES Het Spri Datacior iCH Coaling Thickness AH
Grack Delaciion ALE]
flzzle Sachon Exiandad Life SR |EFE as Tampemium Yas [HR{E] AH
Wetal Temparatun Vo
Elade Matenal Exlandad Life L= =] Gas Tampemdumm Yas [akiES ALH
Wetal Temperatuns Vas
E Elade Proieciva Caglings{Hrl Spr Dataction SR |EPR Sirace Tamperzium Yas Caating Thickeess NOE
=y Crzidation Reslelance
Elade Cooling Temperature Profile Ancrmoly SR|EFE Pyrometiy tan
EladiT k=ing Fon Eficmncy Ll EFE Charnce Ve (Rl ] Vag
Creep Deteciion wH  |EFS
LA Exiandad Life MR |EPE e Surtate Temperalum vag LITIH hescated] RLE]
Eaanngs-Rsdial Hebahiity SR EFEEFL Algnmeni Ve
BaaringsThiusi Ralabiily BR  [EFEEFL Lol Calks: Yag
I Zaals Eficancy SR |EFE Clearanca ALH
o]
Lubrication Fobahiity SR |EFEERL WiEcnEiy R
PH Yaz
Exhauzt Emiezione Emiranmental Compliance WR |EFE Active HOK Optical hiL]
Dperational Process
g Camnal wodel Bazad Cphimization MR |[EPE Furtrie Fual LH- Yas
E Imemragation for Fauk
= Ciatachion HIEP Prograsice-Rdiabiliy MR |EFER Yas
o
B |eccumulsied Damags
:"E:';L Bnalymis Oelsnorakion Signaturss LR |EFE Zmn Baundary Creep  |Yer
£
= Remaining L Prediciion [Waterial Charactanzation Lk |EPE Smad Sencor Taggents Rl Fobolic MOE s
z
o
= Frobabiity of Falle
E Prediction COp=ratinnal Hstary & Modale LR [EFE
Lite Cycle Managmem  [Seeel Optimizaan Modeling Ll EFE Siman Sens Tas Cnmponed FEpacios)
Notes:
End-use application EPB - electric power, base load generation
EPL - electric power, peaking operation
AP -aircraft propulsion
MD - mechanical equipment drive
MP - marine propulsion
Time horizon SR -lessthan 3years
MR -3to7years
LR -7+years
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Siemens Westinghouse Response

TECHNMOLOGICAL |MPROWEMENTS

SUPPORTRG TECHMOLAGY NEEDS

GAE TURENE | pAR TURBNE SUESySTEM | DEFCRFTION Ob-LHE MEASURENENT & [ SHUTDCAYN INSPECTION & THE
SLESPETER FOMEOMENT oF DEVELCPMENT [ ENL-UEE R WCHITORNG WEASLREMERT SRR
DEVELDPMEMT STATUS APPLICATION HEALTH FEALTH
ALTVITY EENSORS RMOMTORKG | SENSORE | MONTORING
Ol Fiigl Capahibly " *
Fual Mazaia b W 5 I
E Catalyle Combusian 1 X
E Crombustion Can Coding = ]
a Cornbiustian Liner
= Cm=sover Tubes b3 ]
= Tinnsition Section u ¥ ¥ i
Mozzle Sardnn = 1 i i
Blade katana a5 % % X
y Hiade Protacine Coaings = i
@ Bhde Coaling = ¥
2 BldeTaarg Cap
Dk
Beaing:-Ratal
He=nings- Thiest
® o
% ::I;amn
E
& Estraust Enissiore = S
[ Opa it nad Process Comal i )
FE  |Inemogetion b Fault Ditection s i
72 g A | Coymay AnayEs b3 % ] X
[ R ervuaining Like Pradiciion " ] ] i
E % Fiotabiiy of Faiume Prediction 5 A
% % Lie Cycle Mansgement ] ¥
e

Notes:

End-use application

Time horizon

EPB - electric power, base load generation

EPL - electric power, peaking operation

AP -aircraft propulsion
MD - mechanical equipment drive
MP - marine propulsion
SR -lessthan 3 years

MR -3to7years

LR

- 7+ years
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APPENDIX D - GAS TURBINE USERS CONCERNS
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Equipment Reported

User - —” - Reported Concerns
Unit Description Quantity]
1 GE 7EA Peaking 2 GE 7EA - Highload compartment temperatures when ambient above 85 deg. F
Pratt Whitney Twin Pak Peaking 1 PW C3- FT4 - Emissions Nox and CO
2 GE 5001N Peaking 48 |Compressor hook fit failures
WE W501D24 Peaking 2 Starting reliability
GE 5000 Peaking 1 Blade path spread control
3 WE 301 Peaking 1 control air wetness
Operator training/ proficiency
starting motor/ sss clutch maintenance
2 WE W501F Daily Cycling 2 Hot Gas Path Parts Life in Cyclic Operation
Combustor/ Transition Piece Life
4 OA on Transition Piece repair (MTFIN Design)
Combustor Dynamics and Proper Measurement thereof
Hot Gas Path Parts Availability
5 GE 7EA Intermediate 3 Standard Combuster - GE7EA
DLN GE 7EA
GE 7EA Peaking 15 |Combustion Hardware and Wear Resistant Mods
Exhaust Expansion Joints (cloth type)
6 Fuel Oil Check Valves
Sticking Servo and Moog Valves
Exhaust Diffuser inner Horizontal Joint
WE W501B6 Baseload 2 Hot section component life
Retrofits available for Nox reduction
7 Improved inter- stage sealing of turbine for efficiency
Power Augmentation advances
HRSG Low Pressure section erosion/ corrosion control
ABB 11N2 Peaking 3 Combustor Inner Liner (ABB 11N2)
8 Turbine Blades & Vanes (ABB 11N2)
Fuel Qil Valve (ABB 11N2)
Spare Parts (ABB 11N2)
GE 7EA Peaking 5 Cost Effective Installation of a fogaing system on 7EA's
9 P& W FT- 4 Peaking 120 |Uparaded Control retrofits on FT- 4's using ETSI- INFI- 90 System has loop limitations (slow communications)
Non- OEM Repair Facilities for Re- working 1st and/ or 2nd stage 7EA Rotor hubs
On DLN- 1.0 &EA's - Muscle Air Compressors (Constant Corrective Maint. Issue)
GE 7C- STAG100 Intermediate 3 GE Frame 5 9th Stage Hook fit Cracking detection.
10 GE 5N Peaking 3 Westinghouse W501AA compressor Stalls
GE 7B Peaking 2 Westinghouse W501F Parts Life
WE 501AA Peaking 6 GE 7F Parts Life
1 WE W501D5 Baseload 1 Blade Rock Correction Options - WE 501D5
GE 7FA+ Baseload 1 Evaporative Cooling Effectiveness/ Problems
GE PG7121EA Simple 1 Determination of 7EA projected maintenance costs.
12 Finding out what problems have been encountered during checkout/
Obtaining the names of non- OEM QUALIFIED parts and or service providers.
Eeasibility of 7EA users poolina/ sharing spare parts.
GE 7001B Peaking 9 Compressor washing and methods - 7B
13 Need the old version of EMAP 3.0
GE rewinds of Generator 7B rotors - Failure of end turns?
Problems with maintaing acceptable Ilube oil header temperatures during hot days (95+) - refurbishing oil cooler
GE 7FA Simple 2 HGP Parts
14 Generator Life Cycle
Controls & Instrumentation
GE 7001E Cycling - Base 4 W501D5 - Torque Converter/ Gear Box Assembly - Overhaul cycle frequency and qualified repair shops
TP& M TP4- 2 Twin Pac Cvcling 1 W501D5 -Unit Cool Down Sping Cycle - Procedures other than WE OMM- 64
WE W501D5 Cycling - Base 2 W501D5 Lube Oil Pump Thrust Bearing - Expected service life and replacement uparades |
15 W501D5 and GE7001E Exhaust Corrosion - partial replacement vs. complete replacements vs. material upgrades |
GE7001E - Generator #4 Bearing - Oil leak into generator, oil deflector seal install practices and housing joint seal
compound
GE7001E - boroscope equipment and inspection - consultant and equipment manufacturers
GE 7001EA Peaking 16 |Kate's water injection control valves
Lube oil leaks at #2 bearing drain coupling
16
Purge check valves
Generator lube oil leaks at bearing seals
18 GE 5LA. N, M Peaking 18 |Spare parts for older Frame 5 Machines
17 46 PW A4, A9, C1 C1D Peaking 46 |Controls for older units (spare parts)
7 GE 7A, B/ C, EA Peaking 7
6 EMD Peaking 6
1 GE 7231FA Baseload 1 Combustor Dynamics of 501F
2 WE W501F Cycle 2 Hot Gas Path Parts Life of 501F
18 Generator Failures - 501F
Combustor Tile Life & Failure Siemens 64.3A, 84.3A
Inlet Foaaing - GE7F
GE 7FA Baseload 1 Long Term Maintenance

an
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